In coastal forests of the Pacific Northwest, young coniferous plantations typically contain a 38 mixture of planted and natural Douglas-fir (Pseudotsuga menziesii) and western hemlock (Tsuga 39 heterophylla). Swiss needle cast (SNC) disease inhibits the growth of Douglas-fir to varying 40 degrees in these stands, depending on SNC severity. In addition to the value differential between 41 Douglas-fir and western hemlock, foresters must account for differences in growth potential (tree 
Introduction 61
Young Douglas-fir plantations (≤40 yr) are tremendously important to the economic and density control in these stands necessary, the resulting mix of Douglas-fir and hemlock also 110 provides an opportunity for manipulating species composition to match the anticipated relative 111 growth performance of the two species at any one location.
112
In the absence of SNC, a larger planted Douglas-fir would be retained during thinning in 113 preference to a smaller western hemlock, given the equal or greater growth potential of Douglas-114 fir and its higher market value. However, the current negative growth impact of SNC should be 115 accounted for in determining the best species mix for coastal stands. With appropriate diameter 116 increment equations, expected relative growth rates of the two species can be assessed by 117 considering SNC intensity, stand structure, site quality, and relative size. that is relatively easy to measure with high precision and in part because it is widely used for 123 predicting future tree volume or biomass, as well as probability of survival (Yang et al, 2009 ). In 124 many models, diameter growth is expressed as a function of tree size, competition effects, and 125 site characteristics (Wykoff 1990 falling from October to March.
147
The Growth Impact Study (GIS) was established in the winter and spring of 1998 148 within 76 Douglas-fir plantations ranging in total age from10 to 30 years. These plots were 149 established to monitor SNC severity and growth impacts within young stands in the Oregon
150
Coast Range (Maguire et al. 2002 . These plantations were sampled from a population of 151 stands located within 18 miles of the Pacific coast and between the cities of Newport in the south 152 and Astoria in the north.
153
The Pre-commercial Thinning Study (PCT) was established in 23 Douglas-fir 154 plantations to assess the effects of precommercial thinning on SNC symptom development and 1998 (because of initial stocking levels, at two sites the target residual was 100 trees per acre).
159
At five of the 23 locations, an additional plot was thinned to approximately 100 trees per acre.
160
Only the unthinned stands were used in the present study.
161
The Commercial Thinning Study (CT) was established in 30 stands scheduled for 162 commercial thinning. These stands were older, ranging from 25 to 60 yrs, and were sampled to 163 test the influence of commercial thinning on tree growth and SNC symptom development 164 (Mainwaring et al. 2004 (Mainwaring et al. , 2005b 
197
On the largest 10 Douglas-fir trees, breast height ages were also obtained by coring the trees.
198
Due to the height of crowns and associated visibility problems in these older, larger trees,
199
binoculars were used to estimate a single foliage retention on the 5-10 largest trees on each plot.
200
In the RCT stands, all trees with DBH≥2 inch (5 cm) were tagged and measured on 
238
At the second stage, nonlinear diameter increment models were tested using the predictors 239 identified with the log-linear diameter increment models. 
here n was the number of observations; ∆DBH was the measured diameter increment; ̂w as 259 predicted diameter increment; and ̅̅̅̅̅̅̅̅̅ was mean measured diameter increment.
260
Trends in diameter growth implied by the fitted models over initial tree diameter and SNC 
Thinning guidelines

264
To illustrate potential application of the models, implied basal area growth was computed retention, the diameter difference between the two species at which the growth ratio equals one (or some other value of the forester's choice) implies a diameter difference threshold that can be 277 applied during a thinning to select the leave tree from a pair of adjacent trees of the two species. 
Results
279
A large range of tree sizes was available for both species, with Douglas-fir exhibiting a 280 greater diameter range ( Table 2 ). The following final diameter increment equation for Douglas-281 fir included variables representing initial tree size, competition, and SNC severity: All parameter estimates for Douglas-fir (Table 3) were significantly different from zero at 295 α=0.05, the fit index was 0.6177, RMSE was 0.0875, MB was 0.0011, and AMB was 0.0831.
296
Residual plots indicated that the model provided a good fit to the data. Validation using 20% of The following final model describing western hemlock diameter increment had fewer 299 predictor variables, but also included variables representing tree size, competition, and SNC 300 severity: and all other variables were defined above.
306
All parameter estimates for western hemlock (Table 3) were significantly different from zero at 307 α=0.05, the fit index was 0.6243, RMSE was 0.1014, MB was -0.0010, and AMB was 0.0954.
308
Residual plots indicated that the model provided a good fit to the data. Validation using 20% under severe SNC (foliage retention of 1.5 years) was only 69% of that expected in a comparable 313 uninfected stand (foliage retention of 3.5 years) (Fig. 2) . In contrast, western hemlock growing in 314 the same mixed species stand grew 34% more in diameter where foliage retention in Douglas-fir 315 was only one year.
316
As indicated in the Methods sections, the graphs constructed for depicting the basal area 317 growth ratios as a function of initial tree diameter and foliage retention relied on some 318 assumptions that simplified the wide range in possible stand structures (specifically the diameter and height distributions by species). These assumptions allowed an approximate assessment of 320 relative basal area growth of Douglas-fir and western hemlock trees in stands with two potential 321 components, a set of Douglas-fir with uniform diameters and heights, and a set of western hemlock with uniform diameters (and implied equal heights) that were less than or equal to the 323 diameter of the Douglas-fir component. When constructing the field charts, compatibility 324 between DBH and H40 was ensured by fitting the following equation to the dataset (Table 4) Fit index of the above model was 0.8029, and RMSE was 11.19.
328
The Douglas-fir and western hemlock diameter growth models implied that, as SNC severity exceeds that of Douglas-firtrees that are up to 2 inches greater in DBH (Fig. 3) . .
356
Western hemlock generally has slower juvenile height growth than Douglas-fir, but its
357
shade tolerance allows it to persist in stands where the two species are associated (Tesch 1995).
358
In healthy even-aged stands, growth rates of the two species tend to diverge as western hemlock 
366
At foliage retention of 1.5 years, the most severe SNC depicted in this analysis, western 367 hemlock outproduces individual Douglas-fir trees that are 1-2 inches larger in diameter 368 depending in part on the initial diameter of the western hemlock (Fig. 3) . This difference would 369 almost certainly be larger at lower foliage retention, although where foliage retention has remained at such a low level, optimal selection of residual trees in a thinning operation becomes 371 considerably more obvious. To illustrate general application of the graphs, assume that an 6-372 inch western hemlock tree was growing next to a Douglas-fir tree in a stand with foliage 373 retention of 2.0 years. In this case, the Douglas-fir tree would have to be 7.7 inches in diameter 374 to produce the same basal area increment as the western hemlock. This conclusion, of course, is Douglas-fir. In other words, the charts developed from the growth equations (Fig. 3 ) depict the 387 current relative growth rates under current stand conditions, but differences in growth potential 388 between the two trees are dynamic and will be even greater after thinning. can be brought to bear on decisions about managing these mixed-species, SNC-impacted stands, 412 the more likely it is that stand management objectives will be met. We therefore strongly 
